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Objective: To study the nasopharyngeal colonization in otitis-prone children before and after adenoidectomy. 
Methods: The study population consisted of 35 children between 11 months and 4 years of age, undergoing 
adenoidectomy and tube placement for recurrent acute otitis media. All these children were otitis prone (OP). During 
general anesthesia, bacteriologic samples were obtained from the nasopharynx and the middle ear fluid, if present. 
During the follow-up visit, a new nasopharyngeal culture was taken. The control population consisted of 35 children 
undergoing surgery for non-ear-nose-throat pathology. These children had no history of recurrent upper respiratory 
tract infections. 
Results: Colonization of the nasopharynx with potential pathogens (Streptococcus pneumoniae, Moraxella catarrhalis, 
Haemophilus influenzae) occurred significantly more in the OP children than in the non-OP children. Adenoidectomy 
resulted in a substantial decrease of potential middle ear pathogens in the nasopharynx and an increase of normal 
commensal flora. In about half of the patients, middle ear fluid was still present at the time of tube placement; in most 
instances, H. influenzae was cultured. Typing with arbitrarily primed PCR indicated substantial genetic diversity among 
the ff. influenzae isolates studied. 
Conclusions: Both cross-colonization (between sampling sites within the same patient and between siblings) and 
turnover appeared to be high. 
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INTRODUCTION 
The human nasopharynx is a natural reservoir for 
several bacterial species, including potential pathogens 
such as Haemophilus intuenzae,  the majority of which 
are non-typable, Streptococcus pneumoniae, and Moraxella 
ratarrhalis. Carriage is a potential mechanism for 
pathogenicity, since bacteria might invade the eustach- 
ian tube and the middle ear and cause disease. It has 
been shown that, in otitis-prone chrldren, there is an 
alteration of the micro-ecology of the nasopharynx, 
with an increased carriage rate of potential middle ear 
pathogens. In 1994, we started a prospective study to 
answer the following questions: 
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1. What is the pattern of nasopharyngeal coloniz- 
ation in otitis-prone (OP) children compared to 
healthy individuals during clinical infection- 
free intervals? 
2. In the group of OP children, how frequently 
is there a middle ear effusion during clinical 
infection-free intervals? Do we find bacteria in 
this fluid and are they the same bacterial strains 
as are found in the nasopharynx? 
3. What is the influence of adenoidectomy on 
nasopharyngeal colonization? 
MATERIALS AND METHODS 
From 1994 until 1996, all children (between 6 months 
and 4 years of age) undergoing adenoidectomy and 
tube placement under general anesthesia for recurrent 
acute otitis mecha (AOM) were enrolled. At the time 
of sampling the children were free of clinical signs and 
symptoms of infection in the upper respiratory tract. 
No antibiotics had been administered within 4 weeks 
before the intervention. As a control, nasopharyngeal 
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swabs were taken from children without history of 
recurrent AOM, sinusitis or adenoiditis, undergoing 
minor surgery for non-infectious reasons (ophthalmo- 
logic and urologic procedures). Our definition of 
recurrent AOM was: more than six episodes of AOM 
during the first 2 years of life, more than four episodes 
during the first year of life, or more than three episodes 
during the last 6 months (30-day borderline between 
two episodes). Children with a known immunologic 
disorder, with craniofacial malformations or with 
obstructive adenoid hypertrophy (proven by lateral 
X-ray with a nasopharyngeal passage of <3 mm) were 
excluded. Care was taken that the seasonal distribution 
of sampling was comparable for study and control 
populations. 
Sampling technique 
Preoperatively 
Under general anesthesia and prior to adenoidectomy, 
two specimens from the nasopharynx were obtained 
using calcium alginate swabs. These swabs were immedi- 
ately cultured on GC-chocolate agar and Tryptic 
Soy agar with 5% sheep blood (Becton-Dickinson, 
Erembodegem, Belgium) ana a selective agar for M. 
catarrhalis [l]. 
In the group of recurrent otitis media patients, 
middle ear fluid, if present, was aspirated through an 
incision of the drum by means of a Juhn Tym Tap, after 
disinfection of the outer ear canal (70% alcohol over 
90 s). Ventilation tubes were placed. The aspirate was 
transported to the laboratory in thioglycollate broth 
and cultured for aerobes, using the same meha as for 
the nasopharyngeal specimens, and for anaerobes, using 
Schaedler with vitamin K1 and 5% sheep blood (Becton- 
Dickinson), incubated anaerobically. Standard bio- 
chemical techniques were used for identification, and 
growth was scored semiquantitatively (+ , + +, + + +). 
Children over the age of 24 months were vaccinated 
with 23-valent pneumococcal polysaccharide vaccine. 
FOllOW-Up Visits 
One month after the intervention, a nasopharyngeal 
culture was obtained at a control visit only when the 
patient was free of disease. If the patient had any signs 
or symptoms of dsease or had recently (during the last 
3 weeks) taken antibiotics, the cultures were obtained 
at a later date. 
Follow-up visits took place every 3 months until 
extrusion of the tubes. 
Typing of H. influenzae 
For a total of 14 patients, 25 H. injuenzae isolates from 
different sites (left and/or right ear and/or throat) of the 
same patient as well as &om siblings were typed using 
arbitrarily primed PCR [2] with primer ERIC2 (AAG 
TAA GTG ACT GGG GTG AGC G) and RAPD 
Ready-to-Go beads (Pharmacia Biotech, Uppsala, 
Sweden). 
RESULTS 
Thirty-five children who fulfilled the criteria of otitis 
proneness were enrolled. They ranged in age fi-om 11 
months to 47 months, with a mean of 27 months. The 
mean age of the control population was 28 months 
(range 14-45 months). In both groups, there were 22 
boys and 13 girls. Environmental factors (type of day 
care, number of siblings, breast-feeding, parental smok- 
ing) were comparable for both groups. 
Preoperatively, we looked for the presence of the 
three major middle ear pathogens in the nasopharynx 
in both groups. Eighty-nine per cent of the naso- 
pharyngeal cultures taken in the OP  population yielded 
one or more potential middle ear pathogens, compared 
with 43% of the controls. H. inzuenzae, Streptococcus 
pneumoniae and M. catarrhalis were each recovered, 
respectively, in 74%, 23% and 54% in the OP group, 
compared with 17%, 11% and 31% in the control 
group, differences which were statistically significant 
@<0.05, Fisher exact test) (Table 1). 
In 17 OP patients, pathogens were cultured from 
the middle ear fluid present in one or both ears at the 
time of tube placement. When pathogens were 
cultured from middle ear fluid, both ears showed the 
same pathogen. In 15 of 17 patients, a pure culture was 
found, and in two of 17, multiple pathogens were 
obtained. In the majority of the positive cultures, 
H. influenzae was found (Table 2). 
Table 3 shows the correlation between naso- 
pharyngeal and middle ear cultures in disease-free 
intervals in the group of OP children. 
Table 1 Nasopharyngeal flora in otitis-prone and non- 
otitis prone children: recovery rates of the bacterial species 
in both groups preoperatively 
Otitis Non-otitis 
prone prone 
(n=35) (n=35) p-value" 
H. infuenzae 26 (74%) 6 (17%) p<0.05 
Streptococcus pneumoniae 8 (23%) 4 (11%) p<0.05 
M .  catarrhalis 19 (54%) 11 (31%) pC0.05 
Commensals 25 (71%) 30 (86%) 
Othersb 12 (34%) 9 (26%) 
"Fisher exact test. 
bStuphylococcus aureus, Pseudornonas, Streptocouus group A and C 
(Lancefield). 
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Table 2 Bacteriology of middle ear fluid at the time of 
middle ear surgery 
35 patients 
No ME fluid: 
ME fluid 
negative culture: 
one pathogen: 
H. injuenzae 
Streptococcus pneumoniae 
M .  catamhalis 
More than one pathogen: 
H.  injuenzae+Streptococcus pneumoniae+ M. catanhalis 
H .  injuenzae+ Streptococcus pneumoniae 
5 
30 
13 
15 
10 
3 
2 
2 
1 
1 
h4E, middle ear. 
Table 3 Correlation between nasopharyngeal cultures and 
middle ear (ME) cultures in disease-free intervals in the 
group of otitis-prone children 
Nasopharynx ME fluid ME fluid and 
(n=35) (n=17) nasopharynx 
H .  injuenzae 26 12 9 
Streptocows pneumoniae 8 5 2 
M .  catarrhalis 19 3 2 
~~~ 
Pearson R correlation coeflicient: 0.97. 
Adenoidectomy markedly decreases colonization 
of the nasopharynx for all three potential middle ear 
pathogens and increases colonization with commensal 
flora (Tables 4 and 5). In about half of the OP children, 
a pure culture of potential pathogens was found 
preoperatively. One month after adenoidectomy, pure 
cultures were found in only four of 26 cases. 
Typing with arbitrarily primed PCR enabled us to 
differentiate 17 genotypes among the 25 H. intuenzae 
isolates from 14 patients tested. In eight of 10 cases for 
which isolates were obtained simultaneously from 
different sites (throat and/or left ear and/or right ear) 
or from siblings, identical fingerprints were observed. 
In all five cases where isolation was separated by a 
period of more than 1 month (maximum 5 months), 
the fingerprints of the isolates were different from that 
of the original isolate. An overview of the observed 
fingerprints is presented in Figure 1. 
The concept of an 'otitis-prone' child was first intro- 
duced by Howie et al in 1975 [3]. Later, a number of 
other definitions were put forward by various authors. 
Depending on the definition, incidences of otitis 
proneness of 10-20% are reported in the literature 
Table 4 Nasopharyngeal flora in otitis-prone children 
before and after adenoidectomy and in non-otitis-prone 
children 
Otitis prone 
otitis after Non- 
prone adenoidectomy prone otitis 
(n=35) (n=35) (n=35) 
H.  injuenzae 26 17 6 
Streptocorncr pneumoniae 8 4 4 
M .  catarrhah 19 13 11 
Commensals 25 32 30 
Otherss 12 14 9 
"Staphylococcus aureus, Pseudomonas, Streptococcus group A and C 
(Lancefield). 
Table 5 The effect of adenoidectomy on the naso- 
pharyngeal flora in otitis-prone children: occurrence of a 
potential middle ear pathogen together with commensal 
flora (comm) in the nasopharynx 
Otitis prone Otitis prone 
preoperatively postoperatively Controls 
H. inzuenzae 
- comm 9/26 1/17 2/6 
+ c o m  17/26 16/17 416 
Streptococcus pneumoniae 
- c o r n  6/8 1/4 414 
+ c o m  2/8 314 0/4 
M. catarrhalis 
- c o r n  8/19 3/13 5/11 
+ c o m  11/19 10/13 6/11 
[3,4]. Proneness to AOM in children has been related 
to a variety of factors. Extrinsic factors such as type of 
day care, passive smoking and low socio-economic 
status are known risk factors, but intrinsic local and 
systemic immunologic factors seem to constitute the 
major cause of recurrent otitis media. The nasopharynx 
constitutes the reservoir for pathogens infecting the 
middle ear [4-61. Nasopharyngeal carriage of potential 
middle ear pathogens (Streptococcus pneumoniae, H. 
injuenzae and M. catarrhah) is relatively common in the 
first 3 years of life [7-91. In comparison with normal, 
healthy children, OP children carry each of the patho- 
gens significantly more often during respiratory 
illnesses [7,10,11] and during clinical infection-free 
intervals, as was shown in this study and in others 
[ 12,131. The mechanism responsible for this prolonged 
and repeated colonization of the nasopharynx of OP 
children with middle ear pathogens is not yet fully 
understood. In a previous study we have shown that 
levels of antibody to the capsular polysaccharides of 
Streptococcus pneumoniae (in particular, IgG2 and IgA 
D h o o g e  e t  a l :  N a s o p h a r y n g e a l  b a c t e r i a l  f l o r a  i n  e v a l u a t i o n  of  m i d d l e  e a r  i n f e c t i o n s  533 
Patient 1 2 2 3 3 3 4 4 5 5 6 6 6 2 1 7 7 8 9 1011 11 8 12 13 
Sample T I  Ti  L R TI  T2 T i  R L R T i  R L T2T2 T i  T2 T i  T i  Ti R L T2 T2 T2 
AP-PCR 1 1 2 3 3 4 5 6 7 7 8 8 8 91011121314141515161717 A 0 
I I  I I I I  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Figure 1 Overview of the AP-PCR fingerprints obtained for the dfferent H. influenzae isolates from different patients and 
isolation sites. T, throat; L, left ear; R, right ear. Numbers  indlcate first and second isolations. T h e  following patients are 
siblings: 1 and 2, 9 and 10, and 12 and 13. AP-PCR indicates the type number assigned to  the different genotypes, as 
established by visual comparison. A ,  positive control; 0, negative control. The fingerprints are flanked by marker lanes 
(100-base-pair ladder, Pharmacia Biotech, Uppsala Sweden). T h e  lowest visible fragment is 200 bp. 
antibodies) are lower in patients with recurrent AOM 
as compared to matched controls. Moreover, vaccin- 
ation with the 23-valent polysaccharide vaccine Pneu- 
movax did not lead to an adequate antibody response 
in the majority of children (I.J. Dhooge, D. Van 
Dainme, A.G.M. Schilder, E.A.M. Sanders, G.T. 
Rijkers, unpublished). This study shows that the naso- 
pharyngeal carriage rate of Streptococcus pneumoniae, H. 
infuenzae and M.  catarrhalis is significantly higher in OP 
than in non-OP children. It has been shown that there 
is a positive correlation between the frequency of 
carriage and the number of AOM episodes [14]. 
Adenoidectomy causes a decrease in colonization of the 
nasopharynx with all three potential middle ear 
pathogens and seems to help in restoring the normal 
nasopharyngeal flora. On the basis of the bacteriologic 
results of this study, we would expect to see a beneficial 
effect of adenoidectomy in the clinical course of OP 
children, as was also suggested by others [15]. 
Typing with arbitrarily primed PCR indicated 
substantial genetic diversity among the H. influenzae 
isolates studied, since for a total of 25 isolates from only 
14 different patients, 17 different genotypes were 
observed. Since simultaneous isolation resulted mostly 
in identical fingerprints, for different sampling sites (ear 
or throat) as well as for both of siblings, and since 
sampling of the same site of the same patient, separated 
by an interval of more than 1 month, always resulted in 
different genotypes, one could conclude that both 
cross-colonization (between sampling sites within the 
same patient and between siblings) and turnover are 
high. So-called recurrences are therefore usually new 
infections. 
Further focus on local defense mechanisms in the 
nasopharynx and the middle ear is necessary. Also, the 
long-term clinical beneficial effect of adenoidectomy 
still remains to be proven. 
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